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Abstract
Topographyandspatialfasciculararrangementofthehumaninferioralveolarnerve
Hyeon-CheolKim D.D.S.,M.S.
DepartmentofDentistryTheGraduateSchool,YonseiUniversity
(DirectedbyProfessorHee-JinKim D.D.S.,Ph.D.)
Theinferioralveolarnerve(IAN)isasensorynervethatinnervatesthe
mandibularteeth,periodontium,buccalandlingualmucosa,andlowerlip.It
runs downward and forward within the mandibularcanal(MC),generaly
below theapicesoftheteeth.IAN canbedamagedduring dentalsurgery,
retromolarsurgicalproceduressuchasthethirdmolarextraction,osteotomy
nearer to the mentalforamen obviously risks the IAN.The fascicular
organization ofthe IAN provides criticalinformation forthe estimation of
damagetoportionsoftheIAN basedonpatientsymptoms,orconverselyto
evaluatethesymptomsresultingfrom injurytoaknownpartoftheIAN.The
aim ofthisstudywas to clarify the patterns and variations in the course of 
the IAN by topographic examination followed by detailed dissection and 
micro computed tomography (micro-CT) analysis. The fascicular 
composition and organization of the IAN were also determined to confirm 
the micro-architecture of the IAN bundles into each of the mandibular 
teeth and periodontium, including the composition of the MN. IAN within
theMC wasexaminedin30hemifaces(19males,11females)ofembalmed
Koreancadavers(meanage66.8years,range48～87years).
- v -
ThecourseoftheIAN wasclassifiedintothreetypes:TypeⅠ:IAN ina
singleMC.Thistypewasthemostfrequently observed,being seen in 21
outof30specimens(70.0%),TypeⅡ:IAN inasingleMC withanaccessory
canal.Thistypewasfoundin7outof30specimens(23.3%),TypeⅢ:IANs
inabifidMC.Thistypewasfoundinonly2ofthe30specimens(6.7%).
Retromolarbrancheswereobservedin13outofthe30specimens(43.3%).On
micro-CT image,themean diameteroftheMC beforeitdividesinto the
accessoryandretromolarcanalswas4.1±0.9mm and4.1±0.7mm,respectively.
Themeandiameteroftheaccessoryandretromolarcanalsonmicro-CT image
was1.0±0.5mm and1.1±0.3mm,respectively.ThemeandiameteroftheMC
in the mandibularfirst,second,and third molarregions was 3.3±0.8 mm,
3.1±0.6mm,and3.3±0.8mm,respectively.TheIAA islocatedinferobuccaly
againsttheIAN inthemandibularforamen,travelstothelingualaspect,and
thenislocatedsuperiorandlingualtotheIAN withintheMC.Thispattern
wasthemostfrequently observed,being seen in 10outof17dissections
(58.8%).ThesomatotopicarrangementoftheIAN wascategorizedaccordingto
thenervefasciclesinnervatingeachtooth.Inalof15casesofnerve-fascicle
separation,thenervefascicleslocatedatthesuperiorbuccalportionoftheIAN
withintheMC innervatedthemandibularsecondandthirdmolars.Thenerve
fasciclesinnervating thefirstmolarwereclassifiedintotwocategories:(1)
those running in the superiorbuccalportion ofIAN within the MC and
innervating thefirstmolar(10outof15specimens,66.7%),and (2)those
runninginthesuperiorportionoftheIAN andinnervatingthefirstmolar(5
outof15specimens,33.3%).A nervebranchinnervatingthesecondpremolar
wasobservedfortwocategoriesofnervefasciclesrunningin:(1)thesuperior
portionoftheIAN (13cases,86.7%)and(2)thesuperiorbuccalportionofthe
IAN (2cases,13.3%).Thenervefasciclesinnervatingthefirstpremolarwere
classifiedintofourtypes,withthenervefasciclesrunningin(1)thesuperior
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lingualportion(ninecases,60.0%),(2)thesuperiorbuccalportion(threecases,
20.0%),(3)inferiorlingualportion (twocases,13.3%),and(4)thesuperior
portion ofthe IAN (one case,6.7%).The courses ofthe nerve fascicles
innervatingthemandibularanteriorteeth(central,lateralincisors,andcanine)
couldbedividedintosixcategories.Themostcommonpatternsofthem were
that(1)thesuperiorlingualportionoftheIAN withintheposteriorMC and
thelingualportionwithintheanteriorMC(fivecases,33.3%),(2)thesuperior
andinferiorlingualportionsoftheIAN withintheposteriorMC,andthenin
thelingualportionwithintheanteriorMC aftermerging(fivecases,33.3%).
TheMN traveledmainlywithintheIAN andcontainednervefasciclesrunning
inthebuccalportionthroughouttheMC.

Keywords:inferioralveolarnerve,dentalnerve,mentalnerve,nervefascicles,
mandibularcanal,inferioralveolarartery
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Topographyandspatialfasciculararrangementof
thehumaninferioralveolarnerve
Hyeon-CheolKim,D.D.S.,M.S.
DepartmentofDentistry,TheGraduateSchool,
YonseiUniversity
(DirectedbyProfessorHee-JinKim D.D.S.,Ph.D.)
Ⅰ.INTRODUCTION
Theinferioralveolarnerve(IAN)isasensorynervethatinnervatesthe
mandibularteeth,periodontium,buccalandlingualmucosa,andlowerlip.It
runs downward and forward within the mandibularcanal(MC),generaly
below theapicesoftheteeth(Standringetal.,2005).Thecompletedivisionof
the IAN into the dental nerve and the mentalnerve (MN) is easily
distinguished(Huetal.,2007).
ThereareseveralwaysinwhichtheIAN canbedamagedduringdental
surgery forexample,itmightbeaffectedby perforationoftheMC during
driling,positioning of an implant fixture too close to the canal,with
subsequentformationofanadjacenthematomathatpressesagainstthenerve,
orbydamagetoadoubleorsupplementarydentalcanal(LamasPelayoetal.,
2008).Retromolarsurgicalproceduressuchasthird-molarextractionarealsoa
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commoncauseofIAN damage(GenúandVasconcelos,2008),asisosteotomy
neartothementalforamen(Hwangetal.,2005).
Injury to the IAN during implantplacementis a serious complication
(Burstein et al.,2008).The results of nerve damage range from mild
paresthesiatocompleteanesthesiaordisablingdysesthesia(Worthington,2004).
Sensorydisturbancesproducedfolowingimplantplacementinthemandibleare
theresultofinjurytoeithertheIAN ortheMN (Bartlingetal.,1999).
Littleattention hasbeen paid to thedetailed fascicularanatomy ofthe
humanIAN,althoughvariationofthefasciculararrangementofthisnerveis
important.Rather than plexiform,the fascicles of peripheralnerves are
arrangedmainlyinacable-likefashion,indicatingahighdegreeofsomatic
organization.Eachfascicleoftheperipheralnervecontainsmotororsensory
fibersinnervatingveryspecificareasoftheskinorspecificmuscles(Stewart,
2003).Indeed,partialfocalnervelesionscanproducerestrictedclinicaldeficits.
Thisfascicularpattern isalsooneofthemostimportantcomponentsofa
nervethatisresponsiblefortheachievementofasuccessfulfunctionalresult
duringamicrosurgicalreconstruction(GüerrissiandMiranda,2007).
Theinferioralveolarartery (IAA),oneofthreearteriesthatsupply the
mandible,isalsoimportantindental-implantsurgery.Thelossofneuralblood
supply orthe developmentofan intraneuralhematoma mightcause IAN
neuropathy(Flanagan,2003).Therelationshipbetweenthenerve,artery,and
vein atthemandibularforamen has clinicalsignificanceduring IAN block
anesthesia (Wadu et al.,1997).It is thus important to understand this
relationshipandthetopographyoftheneurovascularbundlewithintheMCto
providereferencesforthisprocedure.
Theaim ofthisstudywastoclarifythepatternsandvariationsinthe
courseoftheIAN bytopographicexaminationfolowedbydetaileddissection
and micro computed tomography (micro-CT) analysis. The fascicular
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compositionandorganizationoftheIAN werealsodeterminedtoconfirm the
micro-architectureoftheIAN bundlesintoeachofthemandibularteethand
periodontium,includingthecompositionoftheMN.Thefindingsofthisstudy
wilprovidecriticalinformationfortheestimationofdamagetoportionsofthe
IAN based on patientsymptoms,orconversely to evaluate the symptoms
resultingfrom injurytoaknownpartoftheIAN.
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Ⅱ.MATERIALS & METHODS
TheIAN within theMC wasexamined in 30hemifaces(19males,11
females)ofembalmedKorean cadavers(meanage66.8years,range48–87
years).Latex(Neoprene,LotNo.307L146,DuPont,France)witharedcoloring
agent(ColorantUniversel,Castorama,France)was injected into al ofthe
specimensthrough thecommon carotid artery toenableobservation ofthe
topographicbetweentheIAN andIAA withintheMC.
A.Microdissectionoftheinferioralveolarnerve
Priorto17ofthedissections,thespecimensweredecalcifiedin40lof
decalcificationsolutionfor2weeks.Thedecalcificationsolutionwasprepared
with 7 g ofaluminum chloride hexahydrate (Al2Cl36H2O),8.5 mlof30%
hydrochloricacid,and8.5mlof100% formicacid,whichwasthendilutedto
100 ml with distiled water. After decalcification, the specimens were
neutralizedfor2–3daysin aneutralization solution preparedfrom 5g of
sodium sulfatein100mlofdistiledwater.A detaileddissectiononthelingual
sideofthemandiblewasperformedinthese17decalcifiedspecimens,withthe
aidofasurgicalmicroscope(OPMI-FC,CarlZeissCo.,Germany).Extreme
carewastakennottodamagethedentalbranchesofIAN afteropeningthe
MC.AfterexposingtheIAN anditsbranches,thespecimenswereimmersed
inguanidineHCl(0.2M)for2weeksandthentreatedwithultrasoniccleaner
for 1 h to soften the connective tissue around the nerve bundles.The
processed IAN and its branches were dissected,again with the aid ofa
surgicalmicroscope,carefulyremovingtheconnectivetissuetotracethenerve
fascicles innervating each tooth and to confirm the composition and
organizationoftheIAN.
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ThecourseoftheIAN wasclassifiedintothreetypesasfolows(Fig.1):
TypeⅠ:IAN inasingleMC.
TypeⅡ:IAN inasingleMCwithanaccessorycanal.
TypeⅢ:IANsinabifidMC.
Fig.1.Thecourseoftheinferioralveolarnerve(IAN).(A)IAN inasingle
mandibularcanal(MC).(B)IAN inasingleMCwithanaccessorycanal.(C)
IANsinabifidMC.
TherelationshipbetweentheIAN andtheIAA wasclassifiedintothree
typesaccording tothelocation oftheIAA relativetotheIAN within the
mandibularforamenandMCasfolows(Fig.2):
Type A:the IAA is located inferobuccaly against the IAN in the
mandibularforamen,travelstothelingualaspect,andthenislocatedsuperior
andlingualtotheIAN withintheMC.
TypeB:theIAA islocatedsuperobuccalyinthemandibularforamenand
travelstowardthesuperiorandlingualaspecttotheIAN.
TypeC:theIAA islocatedlingualytotheIAN withintheMCthroughout
thecanal.
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Fig.2.Therelationship between theinferioralveolarnerve(IAN)and the
inferioralvolarartery(IAA).(A)TheIAA islocatedinferobuccalyagainstthe
IAN in themandibularforamen,travelstothelingualaspect,and then is
locatedsuperiorandlingualtotheIAN withinthemandibularcanal(MC).(B)
The IAA is located superobuccaly in the mandibularforamen and travels
towardthesuperiorandlingualaspecttotheIAN.(C)TheIAA islocated
lingualytotheIAN withintheMCthroughoutthecanal.
B.TakingMicro-CT ofmandibularcanal
Specimens of 13 mandibles were scanned using a micro-CT system
(Skyscan1072,SkyscanCo.,Antwerp,Belgium).Thespecimenswereplaced
on theholderbetween theX-ray sourceand theCCD camera,and were
rotatedaroundtheverticalaxisatintervalsof0.9°for180°,whilekeepingit
in the field ofview,thereby producing 200 projections.The beam was
projectedontoaphosphorusscreen,whichconvertedtheX-raysintovisible
lightthatwasdetectedbyaCCD camera.Thedatawerethendigitizedbya
frame-grabberandtransmittedtoacomputerwithtomographicreconstruction
software. Cross-sectional 1968×1968-pixel images were created. A 3D
structuralimagewithvoxels35×35×35µm insizewascreatedfrom the2D
images using a 3D reconstruction program (Lucion,Cybermed Co.,Korea).
Afterreconstructing the images,the mandible was sectioned arbitrarily to
observethepresenceandconfigurationofaccessoryMCandretromolarcanal.
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MeasurementswerealsomadeofthediametersoftheMC beforeitdivides
intotheaccessorycanalsorretromolarcanals,theaccessoryandretromolar
canalsthemselves,andtheMCatthemandibularfirst,second,andthirdmolar
regions,usingthe3Dreconstructionprogram.
Alphotographsanddiagramsinthisarticleareofstructuresviewedfrom
theleftandlingualsideoftheface.
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Ⅲ.RESULTS
ThecourseoftheIAN wasclassifiedintothreetypes.TypeⅠ whichIAN
inasingleMCwasthemostfrequentlyobserved,beingseenin21outof30
specimens (70.0%)- 11 outof17 dissections (64.7%)and 10 outof13
micro-CT images (76.9%).TypeⅡ which IAN in a single MC with an
accessorycanalwasfoundin7outof30specimens(23.3%)-4outof17
dissections(23.5%)and,3outof13micro-CT images(23.1%).TypeⅢ which
IANsinabifidMCwasfoundinonly2ofthe30specimens(6.7%),andboth
werefrom dissectedspecimens(Fig.3).
Theaccessorycanalsdividedbelow themandibularforamen,runningclose
totherootapicesofthemandibularmolars.ThebifidMCsranparalelto
eachother,andthemolardentalbranchesarosefrom theuppercanal,which
wasthinnerthanthelowermajorMC.
Retromolarbrancheswereobservedin13outofthe30specimens(43.3%):
10outof17dissections(58.8%)and3outof13micro-CT images(23.1%).
Thesebranches,whichwereobservedmorethantwiceasoftenindissections
as in micro-CT images, usualy ascended a little lingualy, finaly
innervatingtheinternalobliqueridge(Fig.4).
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Fig.3.Patternsofthecourseoftheinferioralveolarnerve(IAN)from the
posteriorview ofthemandible.(A)IAN ofasinglemandibularcanal(MC)
(dissection).(B)Sectionalimageofareconstructionofthemandibletoshow
theIAN ofasingleMC (micro-CT image;thickness35 μm).(C)IAN ofa
singleMC with an accessory canal(arrowhead)innervating theretromolar
area,andthesecondandthirdmolars(dissection).(D)Sectionalimageofa
reconstruction ofthemandibleto show theIAN ofasingleMC with an
accessorycanal(arrowhead)(micro-CT image;thickness35 μm).(E)IAN of
bifid MCs.Upper canal(arrow) was thinner than the lower major MC
(dissection).
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Fig.4.Thenervebranchinnervatingtheretromolararea.(A)Theretromolar
branch(arrowhead)ascendingalittlelingualytoinnervatetheretromolararea
(dissection).(B)Sectionalimageofareconstructionofthemandibletoshow
theretromolarcanal(arrowhead).
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Onmicro-CT image,themeandiameteroftheMCbeforeitdividesintothe
accessory and retromolarcanalswas4.1±0.9mm (range3.5～5.1mm)and
4.1±0.7 mm (range 3.7～4.9 mm),respectively.The mean diameterofthe
accessoryandretromolarcanalsonmicro-CT imagewas1.0±0.5mm (range
0.6～1.6mm)and1.1±0.3mm (range0.8～1.3mm),respectively(Tables1and
2).ThemeandiameteroftheMC inthemandibularfirst,second,andthird
molarregionswas3.3±0.8mm (range2.1～4.9mm),3.1±0.6mm (range2.4～
4.3mm),and 3.3±0.8mm (range2.2～5.0mm),respectively.TheMC thus
showedatendencytomaintainitsdiameterinthemolarregions(Table3).
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Table1.Diametersoftheaccessorycanal unit:mm,n=3
Diameter MCbeforedividing accessorycanal
Mean 4.1 1.0SD 0.9 0.5Maximum 5.1 1.6Minimum 3.5 0.6
MC:mandibularcanal,SD:standarddeviation.
Table2.Diametersoftheretromolarcanal unit:mm,n=3
Diameter MCbeforedividing retromolarcanal
Mean 4.1 1.1
SD 0.7 0.3
Maximum 4.9 1.3
Minimum 3.7 0.8
MC:mandibularcanal,SD:standarddeviation.
Table 3.Diameters of the mandibular canalwith a reference to the
mandibularmolarregions unit:mm,n=3
Diameter 1stMolar 2ndMolar 3rdMolar
DiameterofMC
Mean 3.3 3.1 3.3SD 0.8 0.6 0.8Maximum 4.9 4.3 5.0Minimum 2.1 2.4 2.2
MC:mandibularcanal,SD:standarddeviation.
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TherelationshipbetweentheIAN andtheIAA wasclassifiedintothree
typesaccording tothelocation oftheIAA relativetotheIAN within the
mandibularforamenandMC(Fig.5):
TypeA whichtheIAA islocatedinferobuccalyagainsttheIAN inthe
mandibularforamen,traveledtothelingualaspect,andthenislocatedsuperior
andlingualtotheIAN withintheMC.Thispatternwasthemostfrequently
observed,beingseenin10outof17dissections(58.8%).TypeB whichthe
IAA islocatedsuperobuccalyinthemandibularforamen,traveledtowardthe
superiorandlingualaspecttotheIAN.Thispatternwasobservedin6outof
17dissections(35.3%).TypeC which theIAA islocated lingualy in the
mandibularforamen,traveledlingualytotheIAN throughouttheMC.This
patternwasobservedinonlyonecase,andthatwasoneofthecasesofa
bifidMC.
In al specimens,one arterialbranch leftthe IAA after entering the
mandibularforamen.IncaseswheretheIAA waslocatedinferobuccalywithin
themandibularforamen(typeA),thearterialbranchascendedsuperobuccaly
againsttheIAN,usualytosupplythemandibularmolars.Incaseswherethe
IAA ransuperobuccalywithinthemandibularforamen(typeB),thearterial
branchtraveledparaleltothemainIAA theIAA anditsbranchthenran
lingualytothoseIAN nervefasciclesthatusualyinnervatethemandibular
molars(Fig.6).Wheretherewasan accessory canalandabifidMC,the
nervefasciclescomprisingthesuperiorbuccalaspectoftheIAN werelocated
withinthesecanals(typesⅡ andⅢ)insteadofthesingleMC(typeI).
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Fig. 5. Spatial relationships between inferior alveolar nerve (IAN) and
inferioraleolarartery(IAA).IAA located(A)inferobuccaly,(B)superobuccaly,
and(C)lingualy,inthemandibularforamen,andtravelingtowardthesuperior
and lingual to IAN throughout the canal. Insets (A–C): diagrammatic
representationofthepathoftheIAN (yelow)andIAA (red)seeninthemain
picture.
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Fig.6.Thearterialbranch(arrowhead)oftheinferioralveolarartery(IAA)
travelingparaleltothemainIAA.TheIAA anditsbranchthenrunalongthe
lingualaspecttosomeoftheinferioralveolarnerve(IAN)nervefascicles,
usualythoseinnervatingthemandibularmolars.
ThespatialfasciculararrangementoftheIAN took variousforms.The
somatotopicarrangementoftheIAN wascategorizedaccordingtothenerve
fasciclesinnervatingeachtooth.Inalof15casesofnerve-fascicleseparation,
thenervefascicleslocatedatthesuperiorbuccalportionoftheIAN withinthe
MCinnervatedthemandibularsecondandthirdmolars(Fig.7A,Fig.8).When
present,the retromolarbranch also arose from the superiorbuccalnerve
fasciclesoftheIAN.Thenervefasciclesinnervating thefirstmolarwere
classified into two categories (Fig.7B):(1)those running in the superior
buccalportionofIAN withintheMC andinnervatingthefirstmolar(10out
of15specimens,66.7%),and(2)thoserunninginthesuperiorportionofthe
IAN andinnervatingthefirstmolar(5outof15specimens,33.3%).A nerve
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branchinnervating thesecondpremolarwasobservedfortwocategoriesof
nervefasciclesrunningin(Fig.7C):(1)thesuperiorportionoftheIAN (13
cases,86.7%)and(2)thesuperiorbuccalportionoftheIAN (2cases,13.3%).
Thenervefasciclesinnervating thefirstpremolarwereclassified intofour
types,withthenervefasciclesrunningin(1)thesuperiorlingualportion(nine
cases,60.0%),(2)thesuperiorbuccalportion(threecases,20.0%),(3)inferior
lingualportions(twocases,13.3%),and(4)thesuperiorportionoftheIAN
(onecase,6.7%)(Fig.7D).
Thecoursesofthenervefasciclesinnervatingthemandibularanteriorteeth
(central,lateralincisors,andcanine)couldbedividedintosix categories–
nervefasciclesrunningin(Fig.7E):
1. ThesuperiorlingualportionoftheIAN withintheposteriorMC and
thelingualportionswithintheanteriorMC(fivecases,33.3%,Fig.9).
2. The superiorand inferiorlingualportions ofthe IAN within the
posteriorMC,andthen in thelingualportion within theanteriorMC after
merging(fivecases,33.3%).
3. The superiorlingualportion ofthe IAN throughoutthe MC (two
cases,13.3%)(Fig.10).
4. TheinferiorlingualportionoftheIAN throughouttheMC (onecase,
6.7%).
5. TheinferiorportionoftheIAN,receivingthenervefasciclesfrom the
inferiorlingualandinferiorbuccalaspectswithintheposteriorMC,andthenin
theinferiorlingualportionoftheIAN withintheanteriorMC(onecase,6.7%).
6. ThelingualandbuccalportionsoftheIAN withintheposteriorMC,
andtheninthelingualportionsoftheIAN withintheanteriorMC(onecase,
6.7%).
The MN traveled mainly within theIAN and contained nervefascicles
runninginthebuccalportionthroughouttheMC.
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Fig.7.Schematic ilustrations ofthe innervation patterns ofthe inferior
alveolarnerve(IAN)innervatingtheteeth.(A)Thesuperiorbuccalfascicles
(SB)innervatingthesecondandthirdmolars,andtheretromolararea.(B)Th
esuperiorbuccalportion(SB)andsuperiorportion(S)oftheIAN innervating
thefirstmolar.(C)Thesuperiorportion(S)andsuperiorbuccalportion(SB)
oftheIAN innervatingthesecondpremolar.(D)Thesuperiorlingualportion
(SL),superior buccalportion (SB),and superior portion (S)ofthe IAN
innervatingtothefirstpremolar.(E)Thesuperiorlingualportion(SL)within
theposteriormandibularcanal(MC)andthelingualportion (L)within the
anteriorMC,thesuperiorandinferiorlingualportions(SL,IL)oftheIAN
withintheposteriorMC andthelingualportion(L)withintheanteriorMC,
andthesuperiorlingualportion(SL)throughouttheMC.
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Fig.8.Theinferioralveolarnerve(IAN)fasciclesinnervatingthesecondand
thirdmolars.Thesuperiorbuccalportion(SB)oftheinferioralveolarnerve
(IAN)innervatingthesecondandthirdmolars(TheotherfasciclesoftheIAN
arepuledinferiorlytoshow thesuperiorbuccalfasciclesoftheIAN).
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Fig.9.Theinferioralveolarnerve(IAN)fasciclesinnervatinganteriorteeth.
Thesuperiorlingualportion(SL)oftheinferioralveolarnerve(IAN)within
theposteriormandibularcanalandthelingualportion(L)withintheanterior
mandibularcanal,innervating anteriorteeth (Theinferioralveolarartery is
puledsuperiorlytoshow theIAN).
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Fig.10.Thesuperiorlingualportion(SL)oftheinferioralveolarnerve(IAN)
throughoutthemandibularcanal,innervatinganteriorteeth.
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Ⅳ.DISCUSSION
KnowledgeoftheanatomyoftheMCanditsrelatedstructurescanprovide
informationregardingthedegreeandextentofdamagetotheIAN resulting
from both direct and indirect injury.With regard to direct injury,MC
configurationandvariationstherecanberiskfactorsinsurgicalprocedures
involving the mandible,such as extraction of an impacted third molar,
dental-implanttreatment,andramusosteotomy(Naitohetal.,2007).
TheintraosseouscourseoftheIAN hasbeendescribedinseveralstudies
oftheconfigurationoftheMCandthebranchingpatternsoftheIAN (Carter
andKeen,1971;Andersonetal.,1991,Kieseretal.,2004);thepresenceofa
bifidcanalhasbeenreportedtooccurlessthan1% (GroverandLorton,1983
Wyatt,1996).Inthepresentstudy,accessoryandbifidcanalswerefoundin
30.0% ofcases by dissection and micro-CT observation,a much higher
frequencyofoccurrencethandeterminedinthosepreviousreports.Wefound
thatan accessory canalandbifidMCsusualy run below therootsofthe
mandibularmolars,andgiveoffnervebranchestothefirstandsecondmolars.
Hence,thepossibilityofthepresenceofanaccessorycanalandabifidMC
should berecognized during implantsurgicalproceduresperformed priorto
implantfixtureplacementinthemolarregion.
Indirectdamagefolowingsurgicalprocedurescancausealteredsensation.
PlacementofanimplantfixturetooclosetotheMCcanimposeamechanical
stressonthestructuresoftheMC,resultinginimpairmentsinnervefunction
(Sammartinoetal.,2008).Ithasbeen suggested thataminimum distance
betweentheimplantfixtureandtheMCisneededtoavoidsuchnervedamage
(WismeijerandvanWass,1997;GreensteinandTarnow,2006).
DamagetotheinferioralveolarvesselswithintheMC byeitherdirector
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indirect injury results in hemorrhage,which can in turn compress the
underlyingIAN andMN (KalpidisandSetayesh,2004).Therearediscrepancies
betweenpreviousreportsoftherelationshipbetweentheIAN andIAA.Liet
al.(2001)reportedthatthebloodvesselislocatedsuperiorlytotheIAN within
theMC.Zoud and Foran (1993)reported thattheIAN and IAA form an
intertwinedplexusthroughouttheMC.Wadu(1997)statedthatthenervelies
betweenthebloodvesselsandthebone,andthattheveinisanteriortothe
arteryatthemandibularforamen.However,toourknowledgetherehasbeen
nostudyontheclassificationofthetopographyoftherelationshipbetweenthe
IAN andIAA.
Inthepresentstudy,weclassifiedthetopographyoftheIAN andIAA into
threetypes,andfoundthatinmostcasesthearterialbranchislocatedatthe
superiorbuccalaspectoftheMC in themandibularmolarand retromolar
regions.TheanatomicalrelationshipbetweentheIAN andIAA foundinthe
presentstudyissimilartothatdescribedinotherstudiesoftheanteriorMC.
TheIAA isthusmorevulnerabletoinstrument-induceddamagethanisthe
IAN duringimplantsurgery.
Ifthesensory loss resulting from thedamageto theIAN reveals the
extentoftheparestheticlesion,similartothecaseinspinalcordsegmental
lesions,detailed knowledgeofthetopography ofthe IAN could providea
usefulbasicmapwithwhichtointerpretthesymptomsofanerveinjury,and
wilaidin repairoftheinjurednerve.In thepresentstudy,thefascicular
somatotopic arrangementofIAN and its branches exhibited an array of
patternsandvariations.However,therewassomedegreeofconsistency.The
mostcommonpatternsofnervefascicleinnervationtothemandibularteeth
couldbegrosslyclassifiedintothree:(1)thesuperiorbuccalportionofthe
IAN innervatingthemolars,(2)thesuperiorportioninnervatingthepremolars,
and(3)thesuperiorlingualportionorthesuperiorlingualandinferiorlingual
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portionsin theposteriorMC and thelingualportions in theanteriorMC
innervatingtheincisorsandcanine.Thebuccaltwo-thirdsportionoftheIAN
wascomposedoftheMN innervatingthelowerlip,theskinofthechin,and
thevestibulargingiva(Fig.11).Theinnervating patternsofnervefascicles
describedinthepresentstudyaresimilartothosedetailedpreviouslyforthe
prenatalMCandinnervationtothedeciduousdentitionbyCávex-Lomelietal.
(1996).TheseauthorsstatedthattheIAN presumablyexistsinthemandible
asthreeindividualnervepathsthatariseatdifferentstagesofdevelopment.
The prenatalnerve paths of the IAN with three MCs might stil be
considerably preserved,thus affecting the organization ofthe IAN nerve
fasciclesanditsbranchesintheadult.
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Fig.11.The mostcommon spatialfasciculararrangements ofthe inferior
alveolarnerve(IAN).Superiorbuccalportion(SB)oftheIAN innervatingthe
firstmolar(1stM),second molar(2nd M),third molar(3rd M),and the
retromolararea(RM),thesuperiorportion(S)innervatingthefirstpremolar
(1stPM)andsecondpremolar(2ndPM),thesuperiorlingualportion(SL)or
superior lingual(SL) and inferior lingual(IL) portions in the posterior
mandibularcanal,andthelingualportions(L)intheanteriormandibularcanal,
innervating thecentralincisor(CI),lateralincisor(LI),andcanine(C).The
buccal(B)two-thirdsportionoftheIAN comprisedthementalnerve.
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Ⅴ . CONCLUSION
Theconclusionsofthisstudyareasfolows.
1. The mostfrequenttype ofIAN was single canalin 70.0%.The
accessory mandibular canalwas 23.3%,and bifid canalwas 6.7%.The
accessory canaland bifid MCsusualy ran below therootsofmandibular
molars,andgaveoffthenervebranchestothe1stand2ndmolar.
2. Retromolarbranches were observed in 13 outofthe 30 specimens
(43.3%):10outof17dissections(58.8%)and3outof13micro-CT images
(23.1%).Thesebranches,whichwereobservedmorethantwiceasoftenin
dissectionsasinmicro-CT images,usualyascendedalittlelingualy,finaly
innervatingtheinternalobliqueridge.
3.Onmicro-CT image,themeandiameteroftheMCbeforeitdividesinto
the accessory and retromolar canals was 4.1±0.9 mm and 4.1±0.7 mm,
respectively.Themean diameteroftheaccessory andretromolarcanalson
micro-CT imagewas1.0±0.5mm and 1.1±0.3mm,respectively.Themean
diameteroftheMC inthemandibularfirst,second,andthirdmolarregions
was3.3±0.8mm,3.1±0.6mm,and 3.3±0.8mm,respectively.TheMC thus
showedatendencytomaintainitsdiameterinthemolarregions.
4.TheIAA islocatedinferobuccaly againsttheIAN in themandibular
foramen,travelstothelingualaspect,andthenislocatedsuperiorandlingual
totheIAN withintheMC.Thispatternwasthemostfrequentlyobserved,
beingseenin10outof17dissections(58.8%).
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5.The most common patterns of nerve fascicle innervation to the
mandibularteethcouldbegrosslyclassifiedintothree:(1)thesuperiorbuccal
portionoftheIAN innervatingthemolars,(2)thesuperiorportioninnervating
thepremolars,and(3)thesuperiorlingualportionorthesuperiorlingualand
inferiorlingualportionsintheposteriorMC andthelingualportionsinthe
anteriorMCinnervatingtheincisorsandcanine.Thebuccaltwo-thirdsportion
oftheIAN wascomposedoftheMN innervatingthelowerlip,theskinofthe
chin,andthevestibulargingiva.
6.Using ourresultswecanforecastthedegree,location,andextentof
nervedamagewithintheMCaccordingtopresentingsymptoms:
･Sensorylossofthemandibularincisorsandcaninecanresultfrom injury
tothesuperiorlingualfasciclesandinferiorlingualfasciclesoftheIAN inthe
molarandretromolarareas,orfrom theinjurytothelingualfasciclesofthe
IAN withintheanteriorMC.
･Sensorylossofthemolarscanresultfrom injurytothesuperiorbuccal
fasciclesoftheIAN inthemolarandretromolarareas.
･Sensorylossofthepremolarscanresultfrom injurytothesuperior
fasciclesoftheIAN throughouttheMC.
･Sensorylossofthelowerlipandchinregioncanresultfrom damageto
thebuccaltwo-thirdsofthefasciclesoftheIAN throughouttheMC.
Conversely,itispossibleto evaluatenervesymptomsfrom theinjured
portion ofthe MC during implantsurgery,genioplasty,and othersurgical
proceduresofthemandible.
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 Abstract (in korean)
아래이틀신경의 국소해부와 신경다발배열의 특징
<지도교수 김 희 진>
연세대학교 대학원 치의학과
김 현 철
아래이틀신경은 감각신경으로,턱뼈관을 통해 아래앞쪽으로 달리며,아래턱 큰어
금니,작은어금니,송곳니,앞니의 치아뿌리끝을 지나면서 치아속질에 분포하는 치
아가지와 턱끝부위 피부에 분포하는 턱끝신경을 낸다.아래이틀신경 신경다발의
삼차원적 위치배열은 임플란트 시술,턱끝성형술,또는 아래턱뼈자름술시 아래이틀
신경이 손상되었을 때 손상부위와 범위를 예측하는데 중요한 해부학적 자료가 될
수 있다.따라서 이 연구의 목적은 아래이틀신경의 형태와 변이를 관찰하고,각 치
아가지의 신경다발 배열양상을 삼차원적으로 재구성하는데 있다.또한 아래이틀신
경과 혈관과의 위치관계를 관찰하여 턱뼈관의 부위별 손상시 출혈을 예측하는데
있다.재료는 한국 성인시신 아래턱뼈 30쪽 (남자 19쪽,여자 11쪽,평균나이
66.8살)을 사용하였다.그 중 17쪽은 탈회를 한 후,혀쪽에서 턱뼈관을 열어 아래
이틀신경과 그 가지들을 해부하였다.그리고 Guanidine-HCL 0.2M에 2주 이상
담구어 신경바깥막 (epineurium)을 부드럽게 한 뒤,수술현미경을 사용하여 신경
다발을 분리하였고 각 치아가지를 구성하는 신경다발의 위치와 경로를 추적하였
다.나머지 13 쪽은 Micro-CT system (Skyscan 1072,Skyscan,Antwerp,
Belgium)을 이용하여 아래턱뼈의 연속적인 관상단면 이미지를 만들었고,이 단면
이미지들을 재구성하기 위하여 3차원재구성프로그램 (Lucion,Cybermed,Korea)
을 이용하여 3차원 영상을 만들었다.이 3차원 영상에서 턱뼈관의 경로가 보이도
록 단면을 잘라 턱뼈관의 형태와 그 가지들을 확인하고 지름을 계측하였다.
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아래이틀신경의 경로는 턱뼈구멍에서 아래앞쪽으로 내려와 앞쪽으로 주행하
다 턱끝구멍을 향하여 약간 올라갔다.턱끝신경이 되지 않은 신경다발들은 턱끝구
멍부위에서 아래쪽으로 꺾여서 아래턱뼈 아래모서리부위까지 내려갔다가 위쪽으
로 다시 올라와 안쪽앞니의 치아가지로 끝났다.치아가지의 분포방향은 둘째작은
어금니와 첫째,둘째,셋째큰어금니의 경우 가쪽에서 안쪽으로 비스듬하게 올라가
치아에 분포하였고,안쪽과 가쪽앞니,송곳니,첫째작은어금니의 경우는 치아가지
가 거의 수직으로 올라가 분포하였다.
아래이틀신경의 형태는 아래이틀신경줄기에서 치아가지가 직접 나오는 경우,
아래이틀신경에서 덧가지가 나오는 경우,아래이틀신경이 두 갈래로 갈라져 평행
하게 달리는 경우인 세 가지 유형으로 분류하였다.아래이틀신경줄기에서 치아가
지가 직접 나오는 경우는 30쪽 중 21쪽 (70.0%)으로 가장 많이 관찰되었다.아
래이틀신경에서 덧가지가 나오는 형태는 7쪽 (23.3%)이 있었다.아래이틀신경이
두 갈래인 경우는 2예 (6.7%)가 있었다.어금니뒤가지는 30쪽 중 13쪽 (43.3%)
에서 관찰되었다.어금니뒤가지는 주로 안쪽빗선부위에 분포하였다.Micro-CT에
서 덧턱뼈관 (accessorymandibularcanal)과 어금니뒤관 (retromolarcanal)이 갈
라져 나오기 전의 턱뼈관의 평균지름은 각각 4.1mm와 4.1mm였고,덧턱뼈관과
어금니뒤관의 평균지름은 1.0mm와 1.1mm였다.턱뼈관내에서 아래이틀신경과
아래이틀동맥의 위치관계는 턱뼈구멍부위에서 아래이틀동맥이 신경줄기의 아래볼
쪽 (inferiorbuccal)에서 시작하여 신경줄기의 혀쪽면으로 올라가 신경줄기의 위쪽
과 혀쪽면으로 달리는 경우가 10쪽 (58.8%)으로 가장 많이 관찰되었다.아래이틀
신경의 신경다발배열은 다양한 양상을 나타내었으나,평균적 신경다발배열 양상은
다음과 같다.어금니뒤부위,첫째,둘째,셋째큰어금니의 치아가지는 신경줄기에서
위볼쪽 (superiorbuccal)부분을 달리는 신경다발로 이루어졌다.첫째와 둘째작은
어금니의 치아가지는 신경줄기의 윗부분과 위혀쪽 (superiorlingual)부분을 달리
는 신경다발로 구성되었다.안쪽과 가쪽앞니,송곳니에는 턱뼈관 뒷부분에서 신경
줄기의 위혀쪽부분 또는 위혀쪽부분과 아래혀쪽부분을 달리다 합쳐져 턱뼈관 앞
부분에서 혀쪽 (lingual)부분을 달리는 신경다발이 분포하였다.각 치아별 신경분
포 유형을 분류하면,둘째와 셋째큰어금니,어금니뒤부위에는 신경다발 분리를 한
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15쪽 모든 경우에서 신경줄기의 위볼쪽부분으로 달리는 신경다발이 분포하였다.
첫째큰어금니에는 위볼쪽부분으로 달리는 신경다발이 분포하는 경우는 10 쪽
(66.7%),신경줄기의 윗부분을 달리는 신경다발이 분포하는 경우는 5쪽 (33.3%)
이 있었다.둘째작은어금니에는 신경줄기의 윗부분을 달리는 신경다발이 분포하는
경우는 13쪽 (86.7%)이었고,위볼쪽부분을 달리는 신경다발이 분포하는 경우가 2
쪽 (13.3%).첫째작은어금니에는 신경줄기의 위혀쪽부분을 달리는 신경다발이 분
포하는 경우가 9쪽 (60.0%),위볼쪽부분으로 달리는 신경다발이 분포하는 경우가
3예 (20.0%)가 있었다.안쪽과 가쪽앞니,송곳니에는 턱뼈관의 뒷부분에서 신경줄
기의 위혀쪽부분을 달리다 턱뼈관의 앞부분에서 신경줄기의 혀쪽부분을 지나는
신경다발이 분포하는 경우가 5쪽 (33.3%)이 있었고,턱뼈관의 뒷부분에서는 신경
줄기의 위혀쪽부분과 아래혀쪽 (inferiorlingual)부분에서 시작하여 턱뼈관의 앞부
분에서 신경줄기의 혀쪽부분을 지나는 신경다발이 분포하는 경우는 5쪽 (33.3%)
있었다.턱끝신경을 이루는 신경다발은 모든 예에서 신경줄기의 볼쪽 2/3부분을
차지하였다.
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